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Abstract

Experimental animal research studies have demonstrated that hormones affect

neurological physiology and morphology in areas such as the striatum, hypothalamus,

and hippocampus. How the specific effects of estrogen and progesterone are manifested

behaviorally in humans, however, is not yet understood. The current study tested

sensorimotor responding and simple motor learning in three groups of women -

follicular/low hormone, luteal/high hormone, oral contraceptive - and men. Using PPI as

an operational measure, this study was designed to expand limited findings which report

menstrual cycle phase effects on pre-pulse inhibition (PPI) of the acoustic startle response

(ASR), a direct measure of sensorimotor gating.

In addition, classical eyeblink

conditioning was evaluated using the same subset of groups. This paradigm was included

to build on previous work indicating that women demonstrate facilitated conditioned

responding as compared to males, and that women taking oral contraceptives acquire

conditioned responses at a significantly higher rate than females not currently taking oral

contraceptives and males. Using a simple discrimination paradigm, acquisition of

conditioned responding to a CS+ tone, which is paired with an airpuff stimulus, versus

responding to an explicitly unpaired CS- tone was assessed. ASR testing revealed that

there were no differences between sex, menstrual cycle phase, or oral contraceptive use

with respect to baseline startle responding and PPI.

Assessment of classical eyeblink

conditioning revealed significant differences in conditioned eyeblink response acquisition

rates between groups. Also, significant sex differences were found in baseline eyeblink

responding, and for the percent of conditioned responses (%CR) emitted.
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Menstrual Cycle Phase and Gender Effects on Hippocampally Modulated

Sensorimotor Processes: Classical Eyeblink Conditioning

and PPI of the Acoustic Startle Response

A genetic difference exists between males and females from the moment of

conception that is defined by X or Y gamete fertilization. To what extent this genetic

script dictates dichotomous physiology, neurological form, and behavior is a topic of

contention. It is known that a fertilized cell mass, while progressing through early stages

of development, remains undifferentiated and generic despite female or male

determination existing in chromosomal composition (Majewska, 1 9 9 6 ; McCarthy &

Konkle, 2005). If no male hormones are introduced during a critical developmental

period, the embryo will mature physically female (Majewska, 1996). Genes encoded on

the X and Y sex chromosomes initiate the change from a nondescript embryo towards

either male or female sexual differentiation. In the case of a potential male, the sex

determining region of the Y chromosome (SRY gene) causes the indifferent genital ridge

of an emergent embryo to develop into testes instead of ovaries (Majewska, 1996;

Koopman & Gubbay, 1 9 9 1 ) . As a consequence of this early sex distinction, the brain also

becomes either masculinized or feminized as a result of circulating hormones released

from the gonads (McCarthy & Konkle, 2005; Becker, Arnold, Berkley, Blaustein, Eckel,

Hampson, et al., 2005). These distinctions are collectively known as organizational

effects. They represent genetically initiated sex differences (McCarthy & Konkle, 2005;

Becker et al., 2005) defined as permanent structural changes induced by hormones during

development (Gould et al., 1990). Organizational effects are fundamental and enduring
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dimorphic differences that exist between males and females both physically and

neurologically.

Activational effects are a second way in which hormones exert their influence on

the mammalian brain and body. These effects, occurring in adolescence and adulthood,

are defined as the turning on or off of previously established neural circuits (Gould et al.,

1990) which promote appropriate sex-specific behavior and development (McCarthy &

Konkle, 2005). The gonads, therefore, continue their contribution to sex differences by

activating the release of hormones well after the fetal and postnatal periods of sexual

differentiation have been completed (Becker et al., 2005). Modulated responses reflect

changes occurring in response to adult circulating hormones while sexual dimorphism

characterizes permanent neurological and physiological changes (McCarthy & Konkle,

2005). An example of an activationally affected neurological substrate which is a focus of

the proposed study is the hippocampus, a structure located within the limbic system.

The mammalian hippocampus is important for learning and memory (Leuner

2004) and stress regulation (McCarthy & Konkle, 2005). In addition to modulation of

such processes, adult hippocampal neurons appear to be particularly sensitive to gonadal

steroids. As a consequence, hippocampal physiology has been found to change

dramatically as levels of female sex hormones vary (Terasawa 1 9 6 8 ; Kawakami 1970,

from Gould et al., 1990). For example, in a study by Woolley (1962), it was found that

increases in circulating levels of estradiol cause a corresponding increase in excitability

of hippocampal neurons. More recently, it has also been found that the hippocampus

varies morphologically in response to circulating ovarian steroids (Desmond 2000,

Woolley 1998, Desmond & Levy, 1998). In a study by Gould, Woolley, Frankfurt, &
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McEwen ( 1 9 9 0 ) , the removal of female sex hormones as a result of surgical ovariectomy

was found to dramatically decrease pyramidal spine density the CAI region of the

hippocampus. This loss could be prevented with artificial estradiol replacement. In

addition, female sex hormones were found to modulate the number and shape of CA 1

dendritic spines. Most importantly however, the effects of estrogen were exhibited over a

short period of time - three days for the effects of estrogen, and only five hours for the

augmenting effects of progesterone. This is a significant discovery because it implies that

CAI pyramidal cell dendritic spine density fluctuates during the normal rat estrous cycle

(Gould et al., 1990). Hippocampal morphology, therefore, is changing specifically within

the time period of high levels of circulating ovarian steroids, indicating that there is only

a temporary alteration in spine density.

Taken together, empirical research of the hippocampus has provided evidence of

physiological changes as well as synaptic plasticity that varies over the female hormonal

cycle. At present, however, definitive behavioral implications of hormonal variation that

may accompany form and function changes remain unknown (Woolley, 1 9 9 8 ; Gould et

al., 1990).

Prepu/se Inhibition o
f the Acoustic Startle Response

There has been some insight gained concerning general sex differences in

behavioral tasks. Sensorimotor gating, for example, is one behavioral measure that has

shown sensitivity to sex and is also known to be hippocampally modulated. Studies

assessing acoustic startle responding and prepulse inhibition of the startle response have

revealed differences in both inhibition and startle responding between males and females.
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Gating mechanisms in particular are considered to be a fundamental component of

information processing in the brain. These mechanisms are protective in nature and serve

to screen out extraneous stimuli while individual focus on important events (Braff, Stone,

Callaway, Geyer, Glick, & Bali, 1 9 7 8 ) . This form of information processing is necessary

not only for stimulus recognition, but also for organization of behavior (Bast & Feldon,

2003; Fendt, Li, Yeomans, 2 0 0 1 ; Norris & Blumenthal, 1996). A common measure used

to evaluate sensorimotor gating is known as pre-pulse inhibition (PPI) of the acoustic

startle response (ASR) (Bast & Feldon, 2003; Swerdlow et al., 2 0 0 1 ; Zhang et al., 2002).

PPI represents a reduction of the startle reflex when a stimulus is preceded by a weak pre

stimulus. This pairing results in an attenuated startle response (Norris & Blumenthal

1 9 9 6 ; Bast & Feldon, 2003). The neural mechanisms underlying acoustic startle

responding are well understood because of extensive animal research studies. Particular

substrates that regulate PPI and ASR include the striatum, basolateral amygdala, and

dorsal and ventral hippocampus (Zhang et al., 2002). These structures are known

collectively as the "startle circuit", and therefore all play an integral role in maintaining

and modulating startle responding.

A finding of particular importance to the proposed study is that inhibition is

affected by sex; moreover, it is also affected by females' menstrual cycle phase (Koch

1 9 9 8 , Jovanovic et al., 2004; Swerdlow et al., 1 9 9 3 ) . Levels of circulating estrogen and

progesterone determine cycle phase. When hormone levels are low, usually from the

onset of menstruation to the onset of ovulation, females are referred to as being in the

"follicular" phase of the menstrual cycle. On the other hand, in the "luteal" phase - the

time period usually occurring immediately after ovulation until the onset of menstruation
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-hormone levels of estrogen and progesterone are elevated. A study by Swerdlow et al.

( 1 9 9 7 ) tested sensorimotor gating in luteal phase females, follicular phase females, and

males using PPI of the acoustic startle response (ASR). Significant differences in PPI

were found between males and luteal phase females, as well as between luteal phase and

follicular phase women. More specifically, prepulse-pulse stimuli presentations

effectively reduced or inhibited ASRs for males and follicular phase females. In contrast,

luteal phase women did not demonstrate startle attenuation, or inhibition, when a pulse

stimulus was preceded by a prepulse stimulus. More recently, Jovanovic et al. (2004)

tested a group of women in both their follicular phase and in their luteal phase. Their

results also indicated that females in luteal phases showed reduced inhibition (greater

startle responses) than they did while in follicular phases, indicating a reduced ability to

gate sensorimotor responding to a startle stimulus. Thus, while in a follicular phase,

females are effectively "gating" their responses on prepulse trials by demonstrating

greater PPL One objective of the current study was to replicate the findings of Swerdlow

et al. ( 1 9 9 7 ) and Jovanovic et al. (2004).

Classical Eyeblink Conditioning

Classical eyeblink conditioning is also a well-established experimental procedure

that is used to assess behavior in terms of sensorimotor integration and simple motor

learning. Similar to PPI, the neurological substrates that control and modulate classical

conditioning are precisely defined. These areas include the cerebellum, neostriatum,

thalamus, and the hippocampus (Green & Woodruff-Pak, 2000; Steinmetz, 2000). In

traditional eyeblink conditioning procedures, a neutral or conditional stimulus (CS), such

as a tone, is presented to participants. This CS is paired with an unconditional stimulus
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(US), such as an airpuff, that reliably elicits a response. Over a number of CS-US paired

trials, an association is formed that elicits a conditioned response (CR), such as an

eyeblink, to the previously neutral C S . This set of variables can be combined and

manipulated in a number of ways to assess the neural substrates involved in motor

learning. Neural substrates can play more or less of a role in classical conditioning

depending on what paradigm is employed (Moyer, Deyo, & Disterhoft, 1 9 9 0 ) . In

following, there are a variety of established paradigms that can be used to test

conditioning, the most common of which is delay eyeblink conditioning. This paradigm

is defined as having a CS that precedes, overlaps, and coterminates with a US. A

substantial amount of empirical evidence has identified the cerebellum as being vital to

this type of conditioning (Steinmetz, 2000) while higher substrates are not necessary for

acquisition of the conditioned response (Shors, Beylin, Wood, & Gould, 2000).

A slightly modified version of the delay procedure is known as a trace

conditioning paradigm. In this case, there is a small window of time between the CS

offset and US onset where no stimulus is presented (Moyer et al., 1990; Sakamoto et al.,

2005); this time window is defined as a trace interval. This procedure is necessarily more

complex than that of delay conditioning. Schmajuk et al. (1996) have proposed that the

CS leaves a short-term memory trace that serves to facilitate conditioning. That memory

trace gradually decays back to baseline during the "blank period" of the trace interval.

Because this is a more complex conditioning procedure with respect to temporal

presentation of stimuli, it necessarily requires modulation by additional neural substrates

which include the cerebellum as well as the hippocampus (Weiss et al., 1 9 9 6 ; Green &

Woodruff-Pak, 2000).
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Finally, a third type of classical conditioning procedure is known as a

discrimination-reversal paradigm. In this case, there are two different conditional stimuli

presented to the participant. One stimulus is labeled as CS+, which is consistently in a

paired with a US. The other stimulus is labeled as a CS-. This stimulus is explicitly

unpaired, meaning that it is consistently presented without a US. The stimuli are

presented over a number of trials, which ideally elicits increased responding to the CS+,

and decreased responding to the CS-. Once discrimination is attained, the pairing of the

stimuli is reversed. The CS- is changed to CS+, meaning that it is now paired with US

presentation. The CS+ is also changed to CS-, meaning that it is now explicitly unpaired.

Reversal is achieved as responding gradually decreases to the new CS-, and responding

gradually increases to the new CS+. Both human and animal research suggests that the

cerebellum is required for acquisition of the initial discrimination, while the hippocampus

is suggested to modulate the reversal CR acquisition (Green & Woodruff-Pak, 2000,

Miller & Steinmetz, 1 9 9 7 , Daum et al., 1992, Fortier et al., 2003; Orr & Berger, 1 9 8 5 ) .

Combining Models. Classical eyeblink conditioning procedures have been used to

assess both normal and clinical populations. Although differences in CR acquisition,

extinction, and discrimination have been found in affected populations, such as with

anxiety and schizophrenic disorders, individual differences in responding are not

necessarily indicative of pathology. For example, in general, females have been found to

acquire CRs faster than males (Wood et al., 1 9 9 8 , Wood et al., 1999). This is found in

both delay and trace conditioning procedures. Sex differences in classical eyeblink

conditioning, however, are not a new discovery. Seminal research by Spence in the late

1 9 5 0 ' s and 1 9 6 0 ' s tested eyeblink conditioning in human participants using a number of
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varied conditioning parameters. Upon review of these and other eyeblink conditioning

studies, differences in conditioning were found between males and females. These

differences, however, reached significance in only 8 of 1 9 studies. Could this variation in

significant findings be related to fluctuating hormone levels over the female cycle? More

recent animal research studies have indicated that menstrual cycle phase may indeed

affect conditioning (Shors et al., 1 9 9 8 ) . With regard to human populations, however, the

concept of varied responding over the female menstrual cycle is a fairly new

phenomenon being explored. In addition to cycle phase research, a new variable coming

into consideration in experimental research is the mediational effect of oral contraceptive

administration. For example, Beck et al. (2006) found that women using oral

contraceptives (the 0/C group) demonstrated accelerated and superior conditioned

eyeblink responding as compared to their non-oral contraceptive female counterparts (the

non-0/C group). However, this study did not consider the role of menstrual cycle phase

in participants' responding. The purposes of the present study were to evaluate classical

eyeblink conditioning with respect to female menstrual cycle phase as well as 0/C versus

non-0/C participants. The procedures outlined above form the foundation of the current

thesis work.

In short, one part of this study was designed to replicate the effects of previous

studies measuring prepulse inhibition (PPI) of the acoustic startle response (ASR) over

different menstrual cycle phases (Swerdlow et al., 1 9 9 7 ; Jovanovic et al., 2004). It was

expected that there would be differences in sensorimotor startle inhibition between non-

0/C luteal phase females and non-0/C follicular phase females because of elevated levels
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of circulating estrogen and progesterone that would be available to mediate participant

responses. 0/C users were expected to show increased inhibition to the startle stimuli.

In addition, if sensorimotor responding is as varied over the menstrual cycle as

one method of ASR suggests, than similar differences were expected to be revealed in

discrimination eyeblink conditioning. It was expected that females using oral

contraceptives (0/C) would generally demonstrate facilitated conditioning similar to that

found in Beck et al., 2004. Also, non-0/C luteal phase women were predicted to

demonstrate facilitated conditioning, given that elevated estrogen levels have been shown

to enhance synaptic density in regions related to learning and memory (i.e.

hippocampus ).

HYPOTHESES

This study was designed to examine if differences in sensorimotor responding, as

evidenced by startle response variation and reduced inhibition,

could be applied to

discrimination eyeblink conditioning, a measure of simple motor learning. Controlling for

potential effects of exogenous hormone therapy (birth control administration) by

separating oral contraceptive users into a separate group for evaluation, the following

patterns were specifically expected to emerge in the present study:

1.

Females tested during the luteal phase of their menstrual cycle and not currently

taking oral contraceptives (L-NOC) will show reduced inhibition to a startle

stimulus compared to females tested during the follicular phase of their menstrual

cycle and not currently taking oral contraceptives (F-NOC). Follicular phase

women will show similar percentages of startle inhibition to males.
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Women taking oral contraceptives (0/C) will demonstrate greater inhibition

percentages than those demonstrated by the luteal phase group and the follicular

phase group.

3.

In the discrimination conditioning, 0/C users and luteal phase non-0/C users will

demonstrate facilitated conditioned responding and different acquisition rates than

non-OC women and males.

Method

Participants

Female and male undergraduate students from Seton Hall University were

recruited for this study. All procedures and documentation regarding Human Use

Protocols were approved by the Seton Hall University Institutional Review Board.

Participants either received partial fulfillment of a course requirement or extra credit for

volunteering to take part in the study.

Participants were recruited through advertisements posted on the Seton Hall

University campus. Sign-up sheets for participation were posted along with a letter of

solicitation that detailed experimental procedures and testing duration. Separate letters of

solicitation were posted for potential male and female participants. Potential male

participants provided their name and email address and selected predetermined timeslots

for scheduling. The sign up sheet soliciting female participation only asked for contact

information. Instructions noted on the female sign-up sheet directed all potential female

volunteers to take a copy of a "cycle sheet" handout ( see Appendix I) provided at the

sign-up area. This handout was created to facilitate scheduling at specific times during

female participants menstrual cycles. Potential female participants were contacted by the
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principle investigator to arrange an appointment for testing. Scheduling was based on

self-report of their most recent cycle onset date. From this data, potential participants

were provided days to schedule testing. At this point any questions that the women had

about the scheduling procedure, cycle sheet interpretation, or about testing were

explained. Based on self-reported cycle onset days, women were scheduled at 4 - 1 1 days

after onset day (follicular group) or 19-26 days after onset day (luteal group). These

intervals were chosen to coincide with periods of low hormone levels (follicular) or high

hormone levels (luteal). All participants were sent an email the day before their scheduled

appointment to remind them of their timeslot, to warn them not to wear contact lenses,

and specifically for female participants to bring notation of their cycle information if they

could not accurately remember it off-hand.

When the participants arrived for the study, they were asked to read and sign

informed consent documents. Participant numbers were assigned to each person before

beginning the study to ensure confidentiality in data collection and gathering of

demographic information. A total of 77 participants were tested in this study. There were

20 male participants designated as group "MALE". There were 57 female participants

subdivided into four groups on the basis of menstrual cycle phase and oral contraceptive

use. This resulted in four groups: follicular-no oral contraceptives (F-NOC) with 20

participants, luteal-no oral contraceptives (F-NOC) with 2 1 participants, follicular-oral

contraceptive (FOC) with 9 participants and luteal-oral contraceptive (LOC) with 7

participants. The oral contraceptive groups were combined for analysis, resulting in a

final group of 1 6 0/C participants. Irregular menstrual cycles were reported by 4 female

participants. Data collected from these 4 women were therefore excluded before
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beginning data analysis. All male participant data was included. The ages of the

volunteers ranged from 1 8 - 2 1 years old. All participants reported between 1 2 - 1 4 years of

education.

Materials and Apparatus

The equipment for ASR testing and classical conditioning of the eyeblink

response was similar to that described previously (Servatius, Tapp, Bergen, Pollet,

Drastal, Tiersky, et al., 1 9 9 8 ) . Participants were fitted with an electromyographic (EMG)

apparatus that consisted of three miniature silver/silver chloride electrodes. One electrode

was placed below the participant's right eye and one was placed above the right eye, in

line with the pupil. This situated the electrodes on the orbicularis oculi muscle, while an

additional ground electrode was placed below the right ear, on the participant's neck. The

EMG signal was passed to a physiological amplifier (UFI, Morro Bay, CA) which was

band-pass filtered and amplified. The signal was sampled at 200 Hz by an analog/digital

board (PCI 6025E, National Instruments, Austin, TX) and was connected to an IBM

compatible computer. The acoustic stimuli for startle response testing were presented as

short pulses of broadband white noise ( 8 5 - 1 1 8 dB). These stimuli were produced with

Colboum Instruments signal generators (Allentown, PA) and passed to studio

headphones (Model ATH-M40FS, Audio-Technica/Full Compass Systems, Middleton,

WD

which delivered the startle stimuli. These headphones were not part of the standard

equipment used for ASR and eyeblink conditioning in the laboratory inasmuch as the

standard headphones had difficulty with sound resolution at the highest decibel levels.

The sound levels were verified with a Realistic Sound meter (Radio Shack) before each
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day of testing. Stimulus generation and data recording were controlled by Lab View

software (National Instruments, Austin, TX).

The eyeblink conditioning equipment consisted of David Clark aviation

headphones (Model H I 0 - 5 0 , Worchester, MA), which are fitted with a boom. The boom

is fitted with tubing capable of delivering an airpuff stimulus. Airpuffs were produced by

pressurizing ambient air to 5 . 5 pounds per square inch (Furgut Industries, Aitrach,

Germany). The airpuff was released by a computer controlled solenoid valve (Clipper

Instruments, Cincinnati, OH), and passed through sylastic tubing. EMG electrode

placement remained relatively unchanged throughout these two test procedures.

Demographic Questionnaire

After both parts of the testing procedures were complete, participants were asked

to complete a short demographic questionnaire that was slightly different for females and

males (see Appendix II). Both groups were asked about their age, years of education,

rating of overall experience. In addition, female participants were asked to.report their

last menstruation onset date, menstrual cycle regularity, age, years of education, etc.

They were also asked to report if they were taking any medication affecting endogenous

sex hormones ( ex. birth control pill), medication type (monophasic, triphasic, patch), and

brand names if known.

Design and Procedure

The study was conducted in a quiet testing room in the Psychology Department at

Seton Hall University. Upon arriving for the experiment, all participants were given a

detailed explanation of the experimental procedures a consent form to sign. The

participants were reminded that the experimental session would last for one hour, and
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would occur in two phases with a short break between procedures. After consent was

obtained, the participants were asked to pick a movie from an available list to view for

the duration of the experiment.

The movie served to keep participants awake and

alleviate boredom. Movie choices included: Meet the Parents, Ace Ventura: When Nature

Calls, Spinal Tap, Spider Man, and Groundhog's Day. In order to eliminate interference

with testing procedures, the television volume was muted. Participants were instructed to

face the television and to remain relatively still while testing was in progress. They were

then fitted with the electromyographic (EMG) experimental apparatus as described

above.

The acoustic startle response (ASR) program began when participants indicated

that they were ready to begin. The PPI procedure manipulated two different noise pulse

intensities (102-dB and 1 1 8 - d B ) each of which had a 40-ms duration. Two interstimulus

(ISI) intervals that had duration of either 60-ms or 120-ms ISI began at the end of the

prepulse stimulus and terminated at the start of the pulse stimulus. Therefore the ISI

represented the time between prepulse offset and pulse onset. Finally, the intensity of the

prepulses presented was consistently 85dB and had a 20ms duration. Thus, the session

consisted of six different trial types (102dB pulse alone, 1 l 8dB pulse alone, 85dB-102dB

prepulse-pulse with 60ms ISI, 85dB-l 18dB prepulse-pulse with 120ms ISI, 8 5 d B - 1 1 8 d B

prepulse-pulse with 60ms ISI, and 85dB-l 18dB with 120ms ISI). These 6 trial types were

delivered in four blocks of trials consisting of one of each trial type in a pseudorandom

order for a total of 24 trials. The inter-trial interval (ITI) varied between 1 8 - 2 8 s . The

entire ASR testing session lasted about 9 minutes.
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After testing was complete, participants were asked to remove the studio

headphones. They were then fitted with the David Clark aviation headset for

discrimination eyeblink testing. After the participants adjusted the headphones for

comfort, the airpuff ' arm ' was lowered and adjusted in front of the participant's right eye

by the investigator. It was situated about one centimeter from the cornea and aimed

directly at the eye. Participants were again asked if they were ready to begin, and the

discrimination eyeblink conditioning program was run. Each session began with two

airpuff-alone trials to assess the unconditional response (UR) magnitude of each

participant. These US-alone trials were followed by 48 conditioning trials that were

divided into 4 blocks. Tones of 1200Hz and 2400Hz were used for the conditional stimuli

(CS), and were classified as a CS+ when paired with the airpuff (US), and a CS- when

presented alone. The duration of both CS+ and CS- were 500ms. The US duration was

80ms. The 1200Hz tone was used consistently as the CS+ tone for all participants. Each

block contained 8 CS+ trials and 4 CS- trials delivered in a pseudorandom order. The

intertrial interval (ITI) varied between 30-40s. The entire discrimination eyeblink testing

session lasted about 35 minutes.

After completion of both parts of the experiment, the participants were asked to

complete the short questionnaire before leaving.

Data Reduction

Raw EMG data files for each participant were imported into the software analysis

program S-Plus. For both the ASR and conditioning procedures, the eyelid EMG records

were evaluated on a trial-by-trial basis. The raw files were rectified then subjected to

local smoothing with a rather sharp sliding window covering 1 0 samples (20 ms).
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Spontaneous eyeblinks occur occasionally in 2.0 s EMG records. To evaluate blinks

specific to either procedure several criteria are followed. To represent an eyeblink,

smoothed EMG activity in the window of interest must exceed the mean activity in a

comparator window plus four times the standard deviation of the activity in the

comparator window. Participant files were first individually analyzed by looking at an

entire testing session per participant to assess signal and response quality without regard

to group designations. If eyeblink responses could not be reliably distinguished after

filtering because of excessive signal noise, or trials lost due to spontaneous blinking

exceeded 1 0 % of trials, those sessions were discarded and not used for further analysis.

Acoustic Startle Responding and Prepulse Inhibition. Response windows were

imposed on each trial to evaluate responding. The eyeblink response window on pulse

alone trials was set at a duration of 1 2 0 ms, beginning at the onset of the pulse. The

window used for recording responses on the prepulse-pulse trials with a 60 ms and 120

ms ISi was the same as that for the pulse alone trials ( 1 2 0 ms) beginning at pulse onset. A

baseline window used to determine response occurrences was set for the 1 2 0 ms window

preceding prepulse onset. Inspection of the processed data revealed a consistent trend

where participants rarely responded during the 102-dB pulse alone trials. Without these

data, PPI could not be computed. Therefore, only data involving the 1 1 8 d B stimulus was

analyzed.

The ASR data was evaluated in two ways. First, the unmodified ASRs were

compiled. Second, PPI was computed consistent with a formula identified by Blumenthal

et al. 2004 as the most consistent measure of PPI using EMG signals:

PPI

=

(mean pulse alone magnitude - mean prepulse-pulse magnitude)
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mean pulse alone magnitude

Utilizing this equation, the PPI scores for each delay or ISI time, 60 and 120ms, were

computed. A PPI score of "O" would indicate that there is no inhibition taking place

between pulse-alone trials and prepulse-pulse trials.

As the PPI percentage score

increases however, it represents that more inhibition to the startle stimulus is occurring.

Discrimination Eyeblink Conditioning. For discrimination eyeblink conditioning,

windows for responding were set for unconditioned responses (URs) and conditioned

responses (CRs). These windows were used to rule out spontaneous, voluntary, and

aberrant eyeblinks. The window for a UR was 100 ms, beginning 30 ms after onset of the

unconditioned stimulus (US). The window for a CR was 470 ms, beginning at 30 ms after

the onset of the conditioned stimulus (CS) tone. The CR scores were evaluated as

percentages per block. In other words, if a participant demonstrated CRs on 4 of 8 CS+

trials, she or he would have a 50% CR rate for that particular block. These percent CR

scores were averaged over group to evaluate CR acquisition. An additional measure of

UR magnitude was assessed by evaluating average UR responding on the two US-alone

trials presented at the beginning of the discrimination eyeblink testing session.

Results

Acoustic Startle Responding and Prepulse Inhibition

Inspection of prepulse inhibition testing sessions resulted in the rejection of data from

1 2 participants. Final groups for analysis were comprised of the following numbers of

participants: MALE=20, F-NOC=14, L-NOC=14, and O C = 1 3 . The magnitude of the

ASRs in the absence of prepulses did not differ between the groups, MALE (M=l.08), F-
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NOC (M=l.36), L-NOC (M=l.24) and OC (M=l.43) (See Figure 1 ) . A one-way

ANOV A for group did not reach significance.

A 4 x 2 mixed-design ANOV A was conducted for the prepulse inhibition testing

session, with Group as the between-subjects variable and ISi as the within-subjects

variable. In general, the prepulses produced greater inhibition on trials with a short ISi

(60 ms) compared to trials with a long ISi ( 1 2 0 ms). Analysis revealed a significant main

effect oflSI, F ( l , 5 7 ) = 1 5 . 7 5 , p<.001 (see Figure 2). Prepulse inhibition did not differ

between groups. In addition, a Group x ISi interaction did not reach significance

(f(3,57)=2.45, p=0.07).
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Figure 1

Mean startle response magnitude on 1 1 8 d B pulse-alone trials for each of the four groups

tested. Magnitude is measured in arbitrary units (AU). Error bars represent standard error

of the mean.
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Figure 2
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Figure 2

Figure 2 represents the percent prepulse inhibition for both short (60ms) ISi and long

(120ms) ISL Each bar represents the mean %PPI per group for 60ms ISi on the left side

of the figure, and the mean %PPI per group for 120ms ISi on the right side of the figure.

Error bars represent standard error of the mean.

Discrimination Eyeblink Conditioning

A 4 x 2 x 4 mixed-design ANOV A was conducted on the eyeblink conditioning

data, with Group as the between-subjects variable and the Discrimination and Block as

the within-subjects variables.

Similar to ASR magnitude PPI testing, there were no

differences found between the groups for UR response magnitude to the airpuff stimulus

(see Figure 3). This was confirmed by a one-way ANOV A for Group which was non-

significant (F(3,48)=1.79, ns). However, a significant main effect of block was found
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(F(3, 52)=42.78, p<.0001), indicating that conditioned responding (%CRs) increased over

time (see Figures 4a, b, c, and d for means). The 0/C group appeared to demonstrate the

highest percentage CRs over all other groups, while the 4 x 2 x 4 mixed-design ANOV A

indeed revealed a significant main effect of group (F(3,52)=3.62, p<.02). The effect of

discrimination alone was not significant, however, a significant Group x Discrimination

interaction was found (F(3,52)=4.75, p<.05). The interaction of Discrimination x Block

was not significant, which indicates that there was no evidence of discrimination learning

(F(3,52)=0.39, p=0.75).

Also Group x Block ( F ( 9 , 5 2 ) = l . l 2 , p=0.34) and Group x

Discrimination x Block (F(9,52)=0.29, p=0.97) were found to be non-significant.

Figure 3
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Figure 3

Unconditional response magnitude of responding to US (airpuff) alone trials. Each bar

represents the mean UR magnitude for the groups. Error bars represent standard error of

the mean.
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Figure 4
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Figure 4

Percent conditioned responding for the follicular-no oral contraceptive (F-NOC) group

(N=19) (top left), the luteal-no oral contraceptive (L-NOC) group (N=14) (top right), the

oral contraceptive (OC) group (N=lO) (bottom left), and the male (MALE) group (N=l 9)

4
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(bottom right). The filled squares represent the percent conditioned responding to the

CS+, the tone paired with an airpuff (US). The open squares indicate CRs to the CS-,

which was explicitly unpaired. Each block represents 1 2 conditioning trials, composed of

8 CS+ trials and 4 CS- trials. Each square represent the mean %CRs per block for this

group. The error bars represent the standard error of the mean.
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Discussion

In the present study, prepulse inhibition of the acoustic startle response and

simple motor learning were evaluated in a sample of undergraduate college students.

Responding and inhibition did not differ among females at different stages of their

menstrual cycle, or between females and males in general. In addition, the use of oral

contraceptives was not found to affect sensorimotor gating. Classical eyeblink

conditioning procedures did reveal a difference in simple motor learning as assessed by

acquisition of a conditioned response. These findings are discussed in detail below.

Prepulse Inhibition of the Acoustic Startle Response

The measurement of acoustic startle responding and prepulse inhibition testing

was modeled loosely on established inhibition study parameter such as Blumenthal et al.

(2004), Blumenthal et al. (2005), and Jovanovic et al. (2004). In this study, a decision

was made to limit the PPI testing session to 24 trials in order to assess both PPI and

eyeblink conditioning procedures in a single testing session. Previous studies have shown

that mean responding to control trials (pulse alone stimuli) does not significantly differ

between males and females, or between females in different menstrual cycle phases, or

between females using oral contraceptives versus non-oral contraceptive using females

(Jovanovic et al., 2004; Swerdlow et al., 1997; Beck et al., 2004). Consistent with these

findings, startle reactivity as measured on pulse alone trials did not reveal any significant

differences between groups in baseline responding in this study. This indicates that the

pulse-alone stimulus elicited similar responding on average for each group tested.

Although startle reactivity in general is highly variable from person to person
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(Blumenthal), the equation used to calculate %PPI limits the influence of between-subject

variability by using each person as his or her own control.

Prepulse inhibition testing in this study did not reveal any significant differences

concerning inhibition to a startle stimulus. These results are in contrast to studies of ASR

inhibition tested across cycle phases and sex such as in Swerdlow et al. ( 1 9 9 7 ) and

Jovanovic et al. (2004). In these studies, inhibition to a startle stimulus was significantly

attenuated in luteal phase females compared to males and follicular phase females. There

are several reasons why these results differ from those obtained in this study.

During PPI testing in this study, two startle stimuli were used to elicit responding.

One stimulus was a 102dB pulse of white noise, and the other was a 1 1 8 d B pulse of

white noise. These startle intensities were chosen because of their reliable and adequate

elicitation of a startle response. They were also used because of their effectiveness in

eliciting responding in pilot testing sessions. When the raw data was inspected before

analysis however, it was found that startle responding was inconsistent to the 102dB

pulse condition. Although this was surprising and unexpected, there are several factors

that may have contributed to these findings. Primarily, the limited number of trials (4

pulse-alone presentations at 102dB) may well have impacted the stability of responding

resulting in an inordinate amount of non-responders. Secondly, once equipment was

transferred from the pilot testing area to the Seton Hall testing room, it became apparent

that background noise was needed to mask extraneous environmental noise. Although

this seemed innocuous at the time as background noise has been used regularly in PPI

testing, an article recently published has found that background noise adversely affects

inhibition testing (Blumenthal et al., 2006) As a result of the instability of startle
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magnitude in pulse alone trials, half of the PPI trials had to be eliminated from further

analysis because oflack ofresponding. The elimination of trials at 102dB most likely

impacted the results and potentially obstructed any significant effects that may have been

found.

Although no significant differences were found between groups regarding PPI,

there was a significant effect found with respect to ISL In general, responding to a startle

stimulus was more inhibited at an ISI of 60-ms, as opposed to an ISI of 120ms. In other

words, PPI was greater overall at a longer ISI interval.

Classical Eyeblink Conditioning

A classical eyeblink conditioning discrimination paradigm was employed to

assess simple motor learning. This task was chosen with reference to previous work

which has uncovered differences in conditioned responding between males and females

(Spence & Spence, 1966; Shors et al., 2000). This paradigm was also employed as an

exploratory measure to assess the effect of menstrual cycle phase and oral contraceptive

use on learning acquisition. Although studies have reported findings of significant

differences between males and females in conditioned responding (Wood et al., 1998),

variables such as hormone fluctuation and exogenous hormone regulation in eyeblink

conditioning procedures have yet to be established.

The present study was originally designed to assess discrimination-reversal

eyeblink conditioning. In this paradigm, an association is learned between a CS+ and a

US, while suppression of responding occurs to a CS-. Once discrimination is learned, the

CS+ and CS- are reversed. Acquisition to the new CS+ (formerly the CS-) and response

suppression to the new CS- (formerly the CS+) should occur. This reversal process

Menstrual Cycle Phase and Gender Effects

31

requires an intact hippocampus (Miller & Steinmetz, 1 9 9 7 ; Orr & Berger, 1 9 8 5 ; Fortier et

al., 2003). Because of time constrains on the actual testing session in this study however,

the reversal portion of this procedure was eliminated, resulting in a simple discrimination

testing paradigm. Although the demonstration of discrimination between stimuli is not

necessarily a hippocampally-modulated response, the procedure was still indispensable as

an exploratory test to evaluate endogenous and exogenous hormonal influence on

conditioned responding.

Before beginning the discrimination program, two US-alone stimuli were

presented to the participants. No significant differences were found between groups with

respect to baseline eyeblink response magnitude to the airpuff (US). This is consistent

with other studies of eyeblink responding (Daum et al., 1992). Effects observed during

analysis of conditioning procedures may therefore be attributed to differential

responding, rather than to a basic difference in sensitivity to the US. In addition, a

significant effect of block was found as would be expected in most standard eyeblink

conditioning procedures. This result signifies that participants increased conditioned

responding (%CR) over trials, effectively learning the association between CS and US.

A significant finding from this study is that the oral contraceptive group

demonstrated the highest percentage of conditioned responding over all other groups.

This replicates results from similar studies conducted by Beck et al. (2004). In thatstudy,

conditioned responding between women using oral contraceptives and women that were

not currently using oral contraceptives was assessed. Findings from this work reveal that

women using oral contraceptives exhibited enhanced eyeblink conditioning as compared

to their non-0/C using counterparts. The fact that the 0/C group in the current study also
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demonstrated facilitated conditioning serves to bolster those findings. These results are

important because they support evidence that hormonal regulation may serve to affect

sensorimotor learning. Oral contraceptive use may uniquely alter neurological substrates

responsible for regulating sensorimotor responding. Another possibility may be that

women who use oral contraceptives represent a different population than women who do

not use oral contraceptives.

Finally, previous research has shown that discrimination can occur in non-clinical

participants over one testing session (Daum et al. 1992; Knuttinen et al. 2001). In the

present study however, no significant effect of discrimination was found between CS+

and CS-. This result indicates that participants overall were not demonstrating differential

responding when results were collapsed over block. There are several reasons why

discrimination may not have occurred in this testing cohort. The main difference in this

study as compared to other simple discrimination studies is that there were fewer trials

presented to the participants. It could be the case that the limited amount of trials was not

sufficient to effectively elicit discrimination. Initially, pilot testing for this study

employed a testing session consisting of 72 trials, which would translate into 6 blocks of

testing. Because of time constraints however, the blocks in this study were limited to 4,

which translates into a total of 48 conditioning trials. This was not anticipated to be

problematic, as other studies have demonstrated successful discrimination conditioning in

less than 60 trials (Daum et al., 1992; Knuttinen et al., 2 0 0 1 ) . Discrimination did not

occur in the luteal, follicular, or male groups during this study. In looking at the data,

however, it appears that the MALE group may have been exhibiting a trend towards

discrimination by block 4. Although they were slowest to demonstrate conditioned
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responding to the CS+, by block 4 their %CR rate was steadily increasing while their

responding to the CS- was decreasing. It would be interesting to see if this trend would

continue if the trials were extended into blocks 5 and 6. In contrast, both non-0/C luteal

and non-0/C follicular groups did not appear to be showing any trend towards

discrimination.

In future studies there are several variables that could be altered to eliminate

confounds from the testing procedures. One change would be to counter-balance tone

presentation between CS+ and CS-. In this study, the CS+ stimulus paired with the

airpuff US was consistently presented as a 1200Hz tone. Because of a potential confound

of participant sensitivity to different tones, this variable must be accounted for and

counterbalanced in subsequent study design. In addition, random assignment should be

used to form participant groups. In the current study, participants scheduled appointments

with respect to their individual academic schedules and available times. Although this

self-selection most likely would not have affect the results, changing participant

assignment to a completely randomized design should be considered in future studies. A

final concern that could have potentially affected both testing procedures is classification

of females into either the luteal phase or follicular phase groups. The menstrual cycle

dates used to make these classifications were received as self-reported data. There is a

possibility that the information given was inaccurate or flawed. This could necessarily

impede the significance of data processing by group if hormone levels were not

significantly different between luteal and follicular phase groups. It could also account

for the similarities between the groups (follicular and luteal) with respect to their lack of

discrimination between CS+ and CS-. An alternate method for determining cycle phases,
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and perhaps even a more limited range of days in cycle should be considered for further

investigation.
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